In earlier papers (Jauhar and Joshi 1966a, 1967 ) the present authors reported on the distinctive morphological and epidermal features of 20 collections of the guinea grass (Panicum maximum) and classified them into five broad types. This present paper describes their cytological features.
(Panicum maximum) and classified them into five broad types.
This present paper describes their cytological features.
All the collections had 2n=32 chromosomes. During meiosis in them, varying numbers of quadrivalents, trivalents, bivalents and univalents were observed. On the basis of the data on meiosis and on morphological features gathered earlier, the nature of ploidy in this species is discussed. The species has been described to be an "intraspecific autoploid" .
The number 2n=32 appears to have been derived through the multiplication of a basic number of x=9 chromosomes, followed by the loss of 4 chromosomes during the course of evolution, rather than from the multiplication of the basic number of x=8 as suggested by previous workers.
Various possibilities of such a chromosome reduction and repatterning of karyotype are described and the possible role of unequal reciprocal translocations in chromosome reduction is discussed.
Evolutionary implications of the occurrence of ac cessory chromosomes in this taxon are also discussed.
Panicurn maximum Jacq. constitutes a complex, heterogeneous assemblage (Jauhar and Joshi 1966a) comprising several forms with chromosome numbers as 2n=18, 36, 32, 44 and 48 (for references see Carnahan and Hill 1961) which are poorly understood cytologically and phylogenetically.
The present authors (Jauhar 1963 , Jauhar and Joshi 1966a , 1967 ) studied a collection of this species, comprising 20 accessions obtained from within India and from abroad, from the standpoints of morphology and foliar epidermal patterns. According to this study the accessions could be classified into five distinct types. As a step towards assessing the nature and level of ploidy and with a view to understanding the mechanism of evolution and repatterning of karyotype of the different types the present investigations were undertaken and form the basis of this paper.
Material and methods
Twenty collections of this grass procured from different parts of the country and from abroad formed the material for this study. The details regarding their source, origin and morphology have been described earlier (Jauhar and Joshi 1966a) .
The methods of fixation and staining standardized earlier for Panicum species (Jauhar and Joshi 1966b) have been followed.
Analysis of different stages of meiosis was done and photomicrographs taken from temporary mounts of PMC's.
Observations
The 20 accessions of guinea grass, broadly classifiable into five morpho -logically-distinct types (Jauhar and Joshi 1966a) , were studied cytologically. Since all the types had the same chromosome number (2n=32) and almost a similar meiotic be haviour, the data on chromosome associ ations for all the types were pooled and, in the following description, their meiotic behaviour has been considered together.
Although ( Fig. 1) . The quadrivalents were both ring and chain-type, the former being more common. The trivalents were comparatively less frequent, varying from 0 to 2 (mean= 0.15 per cell) and were mostly chain-type or more or less looped. As many as 26 per cent of the PMC's were found to be purely bivalent forming cells (Figs. 2 and 3 ). At diakinesis, 2 bivalents were mostly associ served.
Such cases of nucleolar budding were rarely met with. Some bivalents were observed to be secondarily associated.
Anaphasic separation was accompanied by varying degrees of abnormality. About 4 per cent of the cells analysed at anaphase I showed first division restitution nuclei. Sometimes, the quadrivalents underwent delayed anaphasic separation. Fig. 5 shows two chain quadrivalents separating into their members. The univalents were quite often found dividing.
In extremely irregular anaphases several laggards underwent division, some of them tertiary split, thus giving rise to several chromatin fragments which were found scattered in the cytoplasm. In about 45 per cent of the cells 1-3, or rarely 4, bivalents had a tendency to separate precociously. Fig. 3 shows 4 bivalents (including an heteromorphic one) undergoing precocious disjunction.
At anaphase I, apart from the normal 16-16 separation, various others, such as 18-14, 17-15, 15-15, 14-16, 14-14 separations, with none or varying numbers of laggards, were observed. At telophase I several other irregularities, such as chromatin bridges with fragments and micronuclei, were observed. This led to chromo some elimination at the telophase I and II stages.
Apart from the normal chromosome complement, upto 5 accessory chromosomes were observed in some collections of this grass. Their meiotic behaviour was rather erratic as reported earlier by Jauhar (1967) .
Discussion
Nature of polyploidy Stebbins (1947 Stebbins ( , 1950 Stebbins ( , 1957 has described in detail different types of polyploids and has also pointed out the problems involved in their classifi cation. The nature of chromosome association at the first meiotic metaphase provides the usual source of information about the nature of polyploidy. The presence of multivalents is considered to be an indication of autopolyploidy and their absence suggests allopolyploidy (Stebbins 1950) . The high frequency of quadrivalents (upto 6IV per cell) in the 20 accessions of Panicum maximum (2n=32) would strongly suggest the autotetraploid nature of this taxon. Warmke (1951) was the first to report on the cytology of five varieties of P. maximum from Puerto Rico, having 32 and 48 as the somatic chromo some numbers.
He observed as many as 7IV in the 32-chromosome varieties and upto 6VI in the 48-chromosome variety.
Such a high frequency of multivalents led him to conclude that probably the varieties studied by him were autopolyploids-autotetraploids (2n=32) and autohexaploids (2n=48) around a basic number of 8. Chen and Hsu (1961) studied one collection from Taiwan with 2n=32 chromosomes and observed various combinations of quadrivalents, bivalents and univalents at diakinesis.
They supported Warmke (1951) Recent investigations by several workers have, however, shown that the presence or absence of multivalent associations at meiosis cannot necessarily be treated as the sole evidence of autoploidy or alloploidy in a taxon. Thus, a genotypically-controlled tendency to form only bivalents has been found in autopolyploid Phleum pratense (Muntzing and Prakken 1940, Nordenskiold 1945) . Gilles and Randolph (1951) and Swaminathan and Sulbha (1959) found that with 'evolution' a significant reduction in multivalent frequency occurred in the colchicine-induced autotetraploids of Zea mays and Brassica campestris var. toria, respectively. Still of greater interest is the recent evidence that specificity of synapsis can be widened or narrowed by gene action to permit the pairing of chromosomes related genetically or evolutionarily (Riley and Law 1965) and that the gene-controlled diploidizing mechanism found in bread wheat (Riley and Chapman 1958, Sears and Okamoto 1958) may be operating in other polyploid plants also (Riley 1960 , Kimber 1961 , Endrizzi 1962 ). More recently, it has been inferred that chromosome pairing and in fact all events of meiosis may be under some form of genetic control (Riley 1966) . These findings again suggest the need for caution when using chromosome pairing as the sole criterion for classifying polyploids.
Any one of the situations pointed out above may not be exclusively occurring in guinea grass which is mainly propagated by vegetative means and is a poor seeder. The seed, whatever formed, is largely the product of apomictic reproduction (Warmke 1954 , Brown and Emery 1958 , Jauhar and Joshi 1966a . A shift from multivalent to bivalent type of chromosome pairing favoured by selection-natural or human-may be possible in crop plants like maize (Gilles and Randolph 1951) or Brassica campestris (Swaminathan and Sulbha 1959) where the plant part of value is the seed. In this grass, which is highly apomictic, selection must have been mostly for forage. Even if it has been for seed, apomixis confers an advantage on this species to accumulate and maintain any structural changes occurring in the chromosomes. This inference receives substantial support from the finding of Armstrong and Robertson (1956) that in autotetraploids of alsike clover (Trifolium hybridum L.) meiotic abnormalities persist after many years of selection for fodder yield. Similar conclusions drawn by Swaminathan and Magoon (1961) in the vegeta tively-propagated potato lend further support to this view. Panicum maximum (2n=32) may therefore be regarded as largely an autotetraploid and the hexaploid variety (2n=48) studied by Warmke (1951) Of considerable interest is the observation that some bivalents show secondary association at metaphase I (Figs. 2 and 3) and quite often the secondarily associated bivalents persist to remain together even at anaphase I (Fig. 4) . It is reasonable to believe that such secondarily associated bivalents may have genetically related chromosomes (Riley 1960 , Kempanna and Riley 1964 , Riley and Law 1965 .
Thus, while autopolyploidy appears to have played a dominating role in the evolution of P. maximum, the presence of univalents, inversion bridges and fragments and heteromorphic bivalents suggests structural hybridity (Myers 1947 , Muntzing 1956 ) which does not appear to hinder synapsis. Different combinations of morphological characters of taxonomic value in some of the distinct types of this grass (see Jauhar and Joshi 1966a) and the presence of the key character-rugosis of upper lemma-in all the types would suggest that, apart from mutations (Jauhar and Joshi 1966a) , intraspecific hybridization has also played a role in the evolution of the distinct morphological types. Such intraspecific hybridization could have taken place at the diploid level in the 18-chromosome and (presumably) sexual forms of this grass or in the polyploid forms before the onset of apomixis in the species. Hence the most suitable term for indicating the nature of ploidy in this species may be "intraspecific autopolyploid" corresponding to Stebbins' (1957) term "inter varietal autopolyploid".
In a broader sense, the taxon could be regarded as a secondary polyploid.
Basic chromosome number and the evolution of the karyotype Chromosome numbers are known for not more than half the number of species in the genus Panicum.
The numbers so far reported mostly correspond to multiples of 9, ranging from the diploid (2n=18) to the 12-ploid (2n=108). This series would strongly suggest that x=9 is the basic number for the genus. Using evidence from secondary association of bivalents at first meiotic metaphase in P. decompositum R. Br., Jauhar and Joshi (1966b) concluded that x=9 could be the basic number of the taxon. Warmke (1951) and Chen and Hsu (1961) believe the basic number of P. maximum to be x=8. Although the 32-chromosome types of the species in the present investigation also appear to be autotetraploids based on x=8 chromosomes, yet this question needs further examination.
Considering the entire Gramineae, only 11 species have been reported to have chromosome numbers apparently built on the basic number x=8 (see Carnahan and Hill 1961) . Though the consideration of the original or the phyletically basic number for the entire grass family, or for the genus Panicum, is beyond the purview of this paper, because of the predominance of x=9 for the entire genus Panicum, it appears logical to believe that in P. maximum, 2n=32 has been derived from forms with x=9 as the basic number especially in view of the fact that the diploid form of this grass was reported by de Wet (1954) to have 2n=18 chromosomes (Jauhar 1967 ) . The reduction from 36 to 32 chromosomes could have been brought about by various means during the course of evolution. It is significant to note that such a possibility was suspected by Warmke (1951) also even when the diploid race of P. maximum with 2n=18 chromosomes was not known.
From the above discussion it may be concluded that the present types of P. maximum represent (4n-4) chromosome forms; it is nevertheless difficult to say to which set or sets of homologues the eliminated chromosomes belong. It is unlikely that these forms are deficient for one complete set of 4 chromo somes because, if it was so, it would have been difficult for these forms to survive, evolve and compete with other forms with 2n=18 and 2n=36 chromosomes. Further, in case it is assumed that these 32-chromosome types are quadruple monosomes (4n-1-1-1-1), it should be possible to get a maximum of 4 trivalents in some cells at least. Since more than two trivalents were not observed in any one of the 210 PMC's studied, it is probable that the present types are (4n-2-2) or (4n-1-1-2) or (4n-1-3) in their chromosome constitution.
Because of the very small size of chromosomes it is difficult to study accurately the karyotype of this grass. From the presence of 2 nucleolar bivalents at diakinesis it may, however, be inferred that none of the satellited chromosomes of the species has been lost during the course of evolution.
Further cytological studies of more collections of the parental types with 2n=18, 32, 36, and 48 and of the intraspecific hybrids would be necessary to get a more clear picture of the mechanics of evolution of the 32-chromosome forms.
Another significant point emerges from the fact that accessory chromo somes also occur in this species. The evolutionary implication of the occur rence of accessory chromosomes in P. maximum has been discussed by the present authors separately (Jauhar and Joshi 1966c, Jauhar 1967) . It is likely that the accessory chromosomes have been formed during the course of evolution and differentiation of this taxon and that their formation has also provided a mechanism for chromosome reduction. The presence of such accessory chromosomes can plausibly be treated as evidence of reduction in chromosome number during the evolution of P. maximum (Jauhar 1967) .
Phylogenetic reduction in chromosome number
According to Avdulov (1931) , a pioneer worker in the field, evolution has proceeded by a reduction in number and increase in size of the chromo somes. As the basic numbers of 9 and 10 predominate the entire sub-family Panicoideae, it appears reasonable to suppose that the lower numbers have been derived from the higher ones. In view of the preponderance of x=9 for the entire genus Panicum and absence of any other species with its chromosomes as multiple of 8, it will be difficult to conceive of another basic number of 8 from which these forms of P. maximum with 2n=32 might have arisen. It will, therefore, appear that the present forms of this species with 2n=32 have evolved from the diploid forms (2n=18) through autotetraploidy followed by a loss of 4 chromosomes during the course of evolution.
It is also quite likely that closely related diploid forms (2n=18) of this grass could have crossed and, through doubling of chromosomes in F1, given rise to the tetraploid forms with 2n=36 chromosomes from which, in turn, originated the 32-chromosome forms through chromosome reduction. Because of a great morphological variation, of taxonomic significance, in the present 32-chromo some types of P. maximum (Jauhar and Joshi 1966a) the latter interpretation appears to be more valid. The fact, that the intermediary forms of P. maximum with 2n=36 chromosomes are also known (see Pienaar 1955, Raman, Chandrasekharan and Krishnaswamy 1959) , lends further support to the above views. Navashin (1932) originally proposed the dislocation hypothesis of evo lution of chromosome numbers in which he conceived of the repatterning of karyotypes through a reduction in the number of chromosomes by unequal reciprocal translocations followed by elimination of the centromeres of the small, mutant chromosomes carrying only a very small amount of genetically -important chromatin. Darlington (1937) elaborated upon this and put forward an interesting theory regarding reduction of chromosome number: if the region of the chromosome near the centromere is genetically inert, its active distal portions can occasionally be translocated to other nonhomologous chromosomes and later its centromere may be lost, thus leading to a reduc tion in the basic number.
The correctness of Navashin's hypothesis has been confirmed from factual evidence in several cases (see Stebbins 1950 , Swanson 1957 , Hair and Beuzenherg 1958 , Randolph and Mitra 1959 . Inter esting evidence regarding the importance of structural chromosome changes in species differentiation comes from the genera Drosophila and Crepis. In Drosophila, species with haploid numbers lower than 6 have perhaps arisen by segmental interchange simulating a centric fusion of chromosomes (Muntzing 1956 ). This mechanism, which has also been demonstrated in Crepis (Tobgy 1943) , is especially important as it leads to the formation of new chromosome numbers; the most primitive species have the highest basic numbers and the trend has been towards reduction. If an extensive survey is made on a wide collection of this grass it may be possible to discover such intermediary forms. P. maximum, thus, offers a rare example of phylogenetic reduction in chromosome number in the genus Panicum, or rather in the whole tribe Paniceae.
Summary
Meiosis in 20 accessions of Panicum maximum, classifiable into 5 distinct types on the basis of morphological and epidermal features (Jauhar and Joshi 1966a, 1967) , is described. Though they all had predominantly 2n=32 chromosomes, chromosome mosaicism was also encountered. Pooled data on chromosome association at diakinesis and metaphase I are presented. Out of a total of 210 cells analysed, the number of quadrivalents varied from 0-6 (mean per cell=2.04), of trivalents from 0-2 (mean=0.15), of bivalents from 4-18 (mean=11.5) and that of univalents from 0-6 (mean=0.55). On the basis of data on meiosis and on morphological features gathered earlier (Jauhar and Joshi 1966a ) the nature of ploidy in this species is discussed. The most appropriate term to describe polyploidy in this species seems to be "intraspecific autopolyploid" . 
